Using panel data from Chilean manufacturing plants, we study the existence of capital-skill complementarity in a developing country. We also study whether the composition of capital matters. We disaggregate the stock of capital in different types according to their technological content. We find: (1) the elasticity of substitution between capital and skilled labor is lower than the elasticity of substitution between capital and unskilled labor, and (2) the higher the technological component of the capital stock the larger the size of complementarity between capital and skilled labor. Our findings show that capital, as an aggregate input, may under(over) state the complementarity between labor and the type of capital these workers actually use.
I. Introduction
The stock of capital may substitute or complement labor depending the type of labor used in the production process. Griliches (1969) posits that capital is less substitutable 1 for skilled labor than for unskilled labor (capital-skill complementarity). Therefore, as stated by Krusell et al. (2000) , in a framework where capital and unskilled labor are perfect substitutes, and they have unit elasticity of substitution with skilled labor, capital accumulation increases the marginal product of skilled labor and decreases the marginal product of unskilled labor, increasing the skill wage premium. Since Griliches (1969) first stated his hypothesis, several studies have attempted to test it. Although some of the literature on this topic supports the Griliches (1969) hypothesis, the evidence has been almost exclusively concentrated in developed countries.
Additionally, most of the related articles regard capital as an aggregate input and do not consider that there are also differences in the complexity of capital. Is the elasticity of substitution between software (technological capital) and skilled labor lower than the elasticity of substitution between software and unskilled labor? Is the elasticity of substitution between a truck (non-technological capital) and skilled labor significantly different from the elasticity of substitution between a truck and unskilled labor? Most of the studies have omitted this issue and thus, whenever capital accumulation is accompanied with a change in the composition of capital, these studies may under(over)state the complementarity between skilled labor and the type of capital that these workers actually use.
This paper presents an input function model with skilled labor, unskilled labor, technological capital, and non-technological capital as production factors. Using panel data from Chilean manufacturing plants, we disaggregate the stock of capital, defining three different specifications for the technological stock of capital. We find that the elasticity of substitution between capital and skilled labor is lower than the elasticity of substitution between capital and unskilled labor, supporting the Griliches (1969) hypothesis in a developing country.
We also find that the higher the technological component of the capital stock the larger the size of complementarity between capital and skilled labor. Our result suggests that as the composition of the stock of capital moves toward more technological capital, the expected rise in the skill premium might be higher. This issue has generally been overlooked by the existing literature. However, our finding is important since this literature may understate the impact of capital-skill complementarity on the skill premium in countries where the accumulation of technological capital is increasing rapidly. Indeed, Bruno et al. (2009) show that developing countries accumulate physical capital first and then they begin to import technological capital in a second stage of development.
Additionally, in most of our specifications, the elasticity of substitution between nontechnological capital and skilled labor is larger than the elasticity of substitution between technological capital and unskilled labor; e.g., a machine can more easily substitute for skilled workers than can software for unskilled workers. We denote this result as the compensation effect, since it abates the unskilled labor demand decrease produced by the capital accumulation when capital-skill complementarity holds.
Although it is more intuitive to expect that software is more substitutable for unskilled workers than a machine is for skilled workers, our result can be explained by the idea that the productivity gap between skilled and unskilled workers using non-technological capital might not be large. For instance, skilled workers are not much more productive than unskilled workers when driving trucks or operating a machine that performs routine tasks. Therefore, the elasticity of substitution between non-technological capital and skilled labor is smaller but close to the elasticity of substitution between non-technological capital and unskilled labor. This phenomenon, combined with the fact that non-technological capital substitutes for more workers than technological capital does (since machines can usually replace a large number of unskilled workers in some industrial processes), explains why the compensation effect is observed in the data. This effect is stronger when we consider more high-tech definitions of technological capital. The reason behind this result is that the elasticity of substitution between technological capital and unskilled labor strongly decreases as soon as technological capital becomes more high-tech.
A. Related literature
Capital-skill complementarity has been extensively analyzed for developed countries. Nevertheless, there have been very few attempts, such as Yasar and Paul (2008) and Akay and Yuksel (2009) , to verify whether the capital-skill complementarity hypothesis holds for developing countries.
The evidence does not strongly support the capital-skill complementarity hypothesis. Duffy et al. (2004) , using a panel of countries, find weak evidence of capital-skill complementarity. However, in some of their specifications, they find that capital-skill complementarity is more significant with lower thresholds for the definition of skilled labor. Papageorgiou and Chmelarova (2005) find no evidence of capital-skill complementarity in OECD countries. They state that capital-skill complementarity is relatively more pronounced in countries with an initial medium income and a low literacy rate. They use school attainment to construct the skilled and unskilled labor variables.
However, Krusell et al. (2000) find that the elasticity of substitution between capital equipment and unskilled labor is higher than the elasticity of substitution between capital equipment and skilled labor. Using U.S. time series between 1963 and 1992, 3 they find positive elasticity of substitution between capital equipment and labor for both skilled and unskilled labor; however, the estimated elasticity of substitution between capital 1 See, for instance, Bergstrom and Panas (1992) and Krusell et al. (2000) . 2 Duffy et al. (2004) work with five thresholds to define skilled labor: (1) "workers who have attained some postsecondary education," (2) "workers who have completed secondary education," (3) "workers who have attained some secondary education," (4) "workers who have completed primary education," and (5) "workers who have attained some primary education."
3 Krusell et al. (2000) construct the stock of capital using Gordon (1990) data.
and unskilled labor is around 2.5 times that of capital and skilled labor. These results, though, have been criticized by Polgreen and Silos (2008) , who state that the elasticity of substitution between capital equipment and unskilled labor is understated, as Krusell et al. (2000) use a capital growth that "implies very rapid growth in the stock of capital equipment." Bartel et al. (2007) posit that IT machines require operators with engineering, programming, and problem-solving skills. Therefore, technological capital is related more to specific skills than to school attainment. This point is consistent with Krueger (1993) and Autor et al. (2006) , who find that computerization has increased the wages of workers who perform non-routine tasks relative to the wages of workers whose jobs involve routine tasks.
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Goldin and Katz (1998) argue that capital-skill complementarity may hold for some industries but not for others. Bergstrom and Panas (1992) , using a panel of Swedish manufacturing industries, find that capital-skill complementarity holds most of the time. However, the size of capital-skill complementarity that they find is different across industries.
The lack of strong evidence of capital-skill complementarity has been taken as an argument to sustain that most of the increase in the skill premium in developed countries is explained by skill biased technological change, as stated by Berman et al. (1994) , Ruiz-Arranz (2003) , Balleer and van Rens (2013) , among others. However, as shown by Krugman (1979) , Acemoglu and Zilibotti (2001) , Tanaka (2006) , among others, new technologies are usually flourished in developed countries while most of developing countries adopt new technologies via capital accumulation. Therefore, the evidence of capital-skill complementarity seems to be a strong candidate to explain why the wage skill premium has risen in some of these countries, as shown by Parro (2013) .
However, data sets from developing economies lack of information on disaggregated measures of capital; e.g., software and computers. Akay and Yuksel (2009) , for instance, define machines, tools, and other equipment as capital stock. Using panel data from Ghanaian manufacturing firms, they find that the elasticity of substitution between capital and unskilled labor is slightly higher than the elasticity of substitution between capital and skilled labor. This evidence of capital-skill complementarity in Ghana is weaker than that found by Krusell et al. (2000) .
If we take into account non-technological capital only, our findings show a similar result to that found by Akay and Yuksel (2009) .
5 However, when we consider technological capital, our results suggest strong evidence of capital-skill complementarity, supporting the idea that the composition of capital matters. We even find that technological capital and skilled labor are complements in some specifications.
The existence of capital-skill complementarity has also been studied in international trade literature. Traditional trade theories predict that as economies open to international trade, developed countries will specialize in the production of goods that are intensive in skilled labor, while developing countries will produce goods that are intensive in unskilled labor. This prediction implies that the relative wage of skilled workers should increase in developed countries but decrease in developing countries as economies open to international trade.
However, the opposite phenomenon is observed in the data. As documented by Parro (2013) , the skill premium has increased in several developing countries. Gallego (2011) shows that the rise in the skill premium has also been present in the Chilean labor market. The latter contradicts the main prediction of the standard Heckscher-Ohlin model of trade.
Nevertheless, when capital-skill complementarity exists, there is an additional force balancing the effect of the Stolper-Samuelson theorem. Trade openness may stimulate investment in a developing country that opens its economy, since an important portion of equipment in that country must be imported rather than be produced by the country's own technology (e.g., computers). Therefore, if the capital-skill complementarity hypothesis holds, trade openness may increase the relative demand for more educated workers and push the skill premium up in those economies. For instance, Parro (2013) shows evidence that the introduction of trade in capital goods, together with capital-skill complementarity, generates a skill-biased trade effect and thus allows the possibility of an important positive effect on the skill premium.
The rest of the paper is organized as follows. Section II. explains how the compensation and augmenting effects in a capital-skill complementarity framework of two types of capital. Section III. describes the data that we are working with. Section IV. presents the empirical strategy. Section V. shows our results, supporting the evidence of capital-skill complementarity and the compensation effect in most of our specifications. Section VI. concludes.
II. Capital-Skill Complementarity with Two Types of Capital
We assume an input function F (L, S, T, K), where L denotes the working hours of unskilled workers, S the working hours of skilled workers, T technological capital, and K non-technological capital. We first express the elasticity of substitution between input i and input j as σ ij . Then, we define relative capital-skill complementarity as σ zL > σ zS and absolute capital-skill complementarity as σ zL > 0 > σ zS , ∀z ∈ {K, T }.
When disaggregating capital, we can also check the order of the elasticity of substitution between non-technological capital and skilled labor (σ KS ), and the elasticity of substitution between technological capital and unskilled labor (σ T L ). We define compensation effect (augmenting effect) whenever σ KS > σ T L (σ KS < σ T L ), thus we can argue that non-technological capital is more (less) substitutable for skilled workers than technological capital is for unskilled workers.
Whenever capital-skill complementarity holds, we know that σ KL > σ KS and σ T L > σ T S . As we can see in figure 1, σ T S > σ KL is sufficient condition (but not necessary as we will see in the next paragraph) for the augmenting effect to hold. Since σ KL > σ KS and σ T L > σ T S , whenever σ T S > σ KL the value projected by σ T L in point B is always larger than the value projected by σ KS in point A.
However, whenever capital-skill complementarity holds and σ T S < σ KL , both effects are possible. We can first notice from figure 2 that the value projected by σ T L in point B is larger than the value projected by σ KS in point A and thus the augmenting effect holds in such a case. However, as we can see in figure 3, the value projected by σ KS in point A is larger than the value projected by σ T L in point B and hence the compensation effect holds. Therefore, whenever capital-skill complementarity holds and σ T S < σ KL the order between σ T L and σ KS is ambiguous. In this case, whether we have the compensation effect or the augmenting effect depends on the distance between σ T S and σ KL , and the size of capital-skill complementarity.
Since σ T S > σ KL means that, for instance, software is more substitutable for skilled workers than machines are for unskilled workers (a case very unlikely to occur), without loss of generality, our analysis focuses on the assumption that σ T S < σ KL . Figure 4 shows isoquants of the four different input relations that we are interested in. Vertical axes denote the type of capital, while horizontal axes denote the type of labor. By capital-skill complementarity, we know that σ KL > σ KS and σ T L > σ T S . The latter is the reason why the isoquant in subfigure 4b (subfigure 4d) is more L-shaped than the isoquant in subfigure 4a (subfigure 4c). Fromσ T S <σ KL , we also know that the isoquant in subfigure 4d is more L-shaped than the isoquant in subfigure 4a. What we do not know is whether the isoquant in subfigure 4b is more or less L-shaped than the isoquant in subfigure 4c. Therefore, figure 4 indicates that the augmenting effect (compensation effect) holds whenever the isoquant in subfigure 4b is more (less) L-shaped than the isoquant in subfigure 4c. We can notice that there is a combination of two factors driving either the augmenting or compensation effect: the user-friendliness of the type of capital, which determines the level of capital-skill complementarity, i.e., |σ KL − σ KS | and |σ T L − σ T S |; and the level of substitution of non-technological capital for unskilled labor compared to the level of substitution of technological capital for skilled labor, i.e., |σ KL − σ T S |.
It is reasonable to assume that a user-friendly machine would be used by a lower ratio of skilled to unskilled workers than a very complex machine. Therefore, the more user-friendly the capital input, the smaller the degree of capital-skill complementarity, i.e., σ KL ≈ σ KS and σ T L ≈ σ T S . If a process uses user-friendly machines, but these machines can perform tasks that would otherwise be performed by a large number of workers, assuming that skilled workers are more scarce than unskilled ones, we expect the compensation effect to hold. However, if machines are complex to use, we expect that the size of capital-skill complementarity is large, thus as long as the distance between σ KL and σ T S is small the augmenting effect is more likely to hold.
III. Data and Variables
To perform the empirical analysis, we use the Annual Chilean Survey of Manufacturers (ENIA) panel data from 2000 to 2011. Conducted by the Chilean Institute of Statistics, the ENIA is an annual census of manufacturing plants with 10 or more employees. ENIA data have been used in many relevant studies, such as Tybout et al. (1991) , Liu (1993) , Levinsohn (1999) , Pavcnik (2002) , and Levinsohn and Petrin (2003) , among others.
The ENIA 2000-2011 provides us with comprehensive data of the Chilean manufacturing sector. We focus our analysis on the plants that are linked to a particular industry.
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Thus, we include plants operating in 52 industries identified by the International Standard Industrial Classification (ISIC) at the three-digit level.
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The data retrieved from the ENIA 2000-2011 include gross fixed assets by type of asset, investment in fixed assets by type of asset, labor hours by type of labor, labor compensation by type of labor, value added, financial cost, corporate taxes and ISIC code.
The ENIA provides the previous year's value and the current year's investment in eight types of fixed assets: land, buildings, machinery and equipment, furniture and fixtures, vehicles, software, other tangible fixed assets, and other intangible assets.
8 However, separate information for "software" and "other intangible assets" is available since 2008. Software and other intangible assets are included in "machinery and equipment" before 2008. We deflate each type of fixed asset by the fixed asset deflator provided by the Central Bank of Chile.
Using the perpetual inventory method, we can therefore compute the capital stock for each type of asset as
where k it is the deflated type of fixed asset for plant i at time t, δ k denotes the depreciation 6 We do not include plants without an ISIC industry classification or plants with negative values of T and/or K, which occurs when plants sell their fixed assets (negative investment) and the last-period capital stock discounted by depreciation is not large enough to compensate for the negative investment.
7 Table 1 shows the industries of our data, at the ISIC-2 level. We use the classifications provided by the third revision of the ISIC.
8 "Other tangible fixed assets" include tools and IT equipment, while "other intangible assets" include patents, trademarks, goodwill, and water use permits. rate of fixed asset k, 9 and I is the investment in fixed asset k.
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We calculate the aggregate rental cost of capital r as
with B as the discount rate and τ the effective corporate tax rate.
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In order to define both technological capital T and non-technological capital K, we build three different specifications. In Specification 1, we define T as software and K as the rest of fixed assets. In Specification 2, we define T as software plus intangible assets. Finally, in Specification 3, we define T as the sum of software, other intangible assets, machinery and equipment, and other tangible fixed assets.
The ENIA contains detailed information on both labor hours and labor compensation for non-specialized personnel, maintenance workers, clerks, personal service workers, specialized workers, administrative personnel, and managers. We define specialized workers, administrative personnel, and managers as skilled workers S, and the rest of the categories as unskilled workers L. As a crude robustness check of our definition of skilled and unskilled workers, we computed the average percentage of skilled hours over the total hours in the data set. Around 23% of the total hours corresponds to skilled labor. This number is roughly close to the fraction of workers who complete a college education in Chile.
IV. Empirical Strategy
In order to answer our main question, we have to estimate the elasticities of substitution between the different labor and capital categories.
As we can notice from our database, we observe input real values but not input prices. Therefore, as in section II., we assume an input function F (L, S, T, K), where L denotes the working hours of unskilled workers, S the working hours of skilled workers, T technological capital, and K non-technological capital. Following Berndt and Christensen (1973) and Berndt and Christensen (1974) , we assume that we can characterize the input 9 We use a depreciation rate of 2.5%, 13%, 25%, 13%, and 31.5% for buildings, machinery and equipment, vehicles, intangible assets, and software, respectively, as documented by Oulton and Srinivasan (2003) . We use a depreciation rate of 18% for other tangible fixed assets, as reported by the U.S. Bureau of Economic Analysis.
10 Investment is defined as the purchase of new and used assets plus asset improvements minus the sales of used assets.
11 The depreciation rate δ used in this formula is the weighted average of the fixed assets' depreciation rates. We follow Cerda and Saravia (2009) to compute the discount rate B and the effective corporate tax rate τ , where B is the weighted average of the ratio of financial cost to value added and τ is the weighted average of the ratio of effective tax paid to value added.
function in a translog form as
Since we do not observe input prices, we assume that input markets are competitive. Considering this assumption we can now state that ∂F ∂L = P L , ∂F ∂S = P S , ∂F ∂T = P T , and ∂F ∂K = P K , where P i denotes the price of input i relative to the price of the aggregate input function F . Knowing that
Since the cost shares must sum up to 1, we assume the additional restrictions that γ ij = γ ji and j γ ij = 0, with j ∈ {L, S, T, K}. Imposing these restrictions, dividing the inputs by K, and therefore dropping the last row and column of (1), we have the factor shares used in the estimation given by
We assume that any deviation of the cost shares from the logarithmic marginal products is the result of errors in optimizing behavior. Therefore, we specify a classical additive disturbance for each of the equations in (2). Defining
As it can be seen, our input function is very similar to the Hicks-neutral constant returns to scale translog function proposed by Berndt and Christensen (1974) .
and
We can estimateβ by Feasible Generalized Least Squares (FGLS) aŝ
with Ω as the variance-covariance matrix and I an identity matrix. We also include fixed effects to control for fixed unobserved heterogeneity which might be correlated with the inputs and year effects to control for yearly shocks which might have affected the manufacturing sector, such as technology shocks.
In order to construct estimateβ, we first perform an OLS estimation of (2) to obtain eachŝ i and their respective residuals. We then construct the variance-covariance matrix Ω of the residuals and take the Kronecker product of Ω and an identity matrix. After that, we computeβ, determined by equation (3).
As well as in Berndt and Christensen (1973) and Berndt and Christensen (1974) , we use Allen-Uzawa elasticities of substitution to perform our analysis. Since we know that Allen-Uzawa elasticities are defined aŝ
we useβ to estimateŝ i and insert them in equation (4) to obtain the Allen-Uzawa elasticities of substitutionσ ij . Finally, we compute 95% confidence intervals forσ ij using the bootstrap method. 13 All tables include results from both the estimation with fixed and year effects (Fixed Effects), and without fixed and year effects (Pooled).
V. Empirical Results
We first test capital-skill complementarity considering the aggregate level of capital; i.e., without distinguishing between technological and non-technological capital. Defining Z = T + K, as we can see in Table 3 , the elasticity of substitution between aggregate capital and skilled labor (σ ZS ) is lower than the elasticity of substitution between aggregate capital and unskilled labor (σ ZL ), denoting relative capital-skill complementarity.
14 This result constitutes novel empirical evidence of capital-skill complementarity for a developing economy. As discussed in section I., this result is interesting since some studies show that most developing countries have experienced a rise in the skill premium in recent decades.
We now compare the aggregate and disaggregate elasticities of substitution, using the three specifications described in section III. Table 5 shows the elasticities of substitution for the disaggregate specifications. 15 We can see that there is both technological and non-technological capital-skill complementarity for all specifications. However, as soon as we use more disaggregate definitions of technological capital, the size of technological capital-skill complementarity (defined as |σ T L −σ T S |) increases, while the size of nontechnological capital-skill complementarity remains roughly the same. We can even see that there is absolute technological capital-skill complementarity in Specifications 1 and 2 for the pooled regressions, whereas technological and non-technological capital-skill complementarity are very similar in Specification 3.
Another interesting result, which can be analyzed from Table 5, is that the compensation effect holds in all specifications (σ KS >σ T L ). We can also see that as soon as we consider a more aggregate definition of technological capital, the compensation effect decreases. As bothσ KL andσ KS remain roughly similar in the three specifications, what drives this result is that as soon as we consider more aggregate definitions for technological capital,σ T S increases faster thanσ T L does. Therefore, the elasticity of substitution between technological capital and skilled labor is relatively more sensitive to the technological level of capital. We can also notice that elasticities of substitution are less sensitive when including fixed effects, although the main conclusions remain the same.
VI. Conclusion
Using data from Chilean manufacturing plants, we find that the elasticity of substitution between capital and skilled labor is lower than the elasticity of substitution between capital and unskilled labor, supporting the Griliches (1969) capital-skill complementarity hypothesis in a developing country.
Additionally, we find that the technological capital-skill complementarity is significantly larger than the non-technological capital-skill complementarity, for different specifications of technological capital. That is, the higher the technological component of the capital stock the larger the size of complementarity between capital and skilled labor. Our results show that related articles regarding capital as an aggregate input, and disregarding that there are also differences in the complexity of capital, may under(over)state the complementarity between skilled labor and the type of capital that these workers actually use.
Another interesting result from our estimations is that the elasticity of substitution between non-technological capital and skilled labor is larger than the elasticity of substitution between technological capital and unskilled labor. We call this phenomenon a compensation effect, since it compensates for the decrease in the unskilled labor demand when capital-skill complementarity holds. This finding may sound counterintuitive, as it suggests, for example, that software is less substitutable for unskilled workers than are machines for skilled workers. However, we show that the compensation effect may occur when the productivity of skilled workers using non-technological capital is higher but close to the productivity of unskilled workers using that kind of capital. This is indeed the intuitive case. For instance, the productivity gap between skilled and unskilled workers driving a car or operating machines that perform routine tasks should be relatively small. If this is accompanied by the fact that non-technological capital substitutes for many more unskilled workers than technological capital does for skilled workers, the compensation effect is likely to hold. We find that the compensation effect is stronger when the technology level of the capital stock increases. This phenomenon occurs because the elasticity of substitution between technological capital and unskilled labor strongly decreases as soon as technological machines become more high-tech.
An interesting extension of this paper is to find the mechanism of how imports affect the skill premium. Since the composition of capital matters, an increase in technological capital imports, ceteris paribus, may raise the relative demand of skilled workers. This issue has been overlooked by the literature so far and it may help us understand not only the evolution of the skill premium over time but also cross-sectional variations of the skill premium at some moment in time. 95% bootstrap confidence intervals in square brackets.
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